The nonlinear nth-order differential equations are considered. By using inequality techniques and coincidence degree theory, some criteria are obtained to guarantee the existence and uniqueness of T-periodic solutions for the equations. The obtained results are also valid and new for the problem discussed in the previous literature. Moreover, two illustrative examples are provided to illustrate the effectiveness of our results.
Introduction
In applied science, some practical problems are associated with the periodic solutions for nonlinear high-order differential equations, such as nonlinear oscillations 1, 2 , electronic theory 3 , biological model, and other models 4-6 . In particular, during the past thirty years, there has been a great amount of work on the existence and uniqueness of periodic solutions for the nth-order nonlinear differential equation where e : R → R and g : R × R → R are continuous functions, e t is 2π-periodic with respect to t, g is 2π-periodic in the first variable, and a i i 1, 2, . . . , n − 1 are constants.
Preliminary Results
Let us introduce some notations. We will use Φ to denote the empty set. For n ∈ N, we denote by C n T the Banach space 
2.6
satisfies the priori estimation u n−1 < ρ.
ii The continuous function F : R → R defined by
Then, 2.5 has at least one T -periodic solution u such that u n−1 < ρ.
From Lemma 2.2 in 15 and the proof of inequality 10 in 7, pp 3402 , one obtains the following. 
2.9
Lemma 2.3. For any u ∈ C 2 T , one has that
Proof. Lemma 2.3 is a direct consequence of the Wirtinger inequality, and see 16, 17 for its proof.
Abstract and Applied Analysis
By the same approach used in the proof of Lemma 3 of 7 , we have the following.
Lemma 2.4. For any
Lemma 2.5. Let k be an even number, n 2k, and
Assume that one of the following conditions is satisfied:
H 2 there exists a nonnegative constant B such that
2.14 where t, x 1 , x 2 ∈ R, x 1 / x 2 , then 1.1 has at most one T-periodic solution.
Proof. Suppose that u 1 t and u 2 t are two T-periodic solutions of 1.1 . Set Z t u 1 t − u 2 t . Then, we obtain
Integrating 2.15 from 0 to T , it results that
Therefore, in view of integral mean value theorem, it follows that there exists a constant γ ∈ 0, T such that
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5
Since g t, x is a strictly monotone function in x, 2.17 implies that
Then, from 2.9 , we have
Multiplying 2.15 by Z t and then integrating it from 0 to T , it follows that
2.20
Now suppose that H 1 or H 2 holds, and we will consider two cases as follows.
Case i. If H 1 holds, 2.10 and 2.20 yield that
which, together with 2.18 , implies that
Hence, 1.1 has at most one T -periodic solution.
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Case ii. If H 2 holds, using 2.9 , 2.10 , 2.19 , and 2.20 , we obtain that
dt, where Λ ∅.
2.23
From 2.18 and H 2 , 2.23 yield that
Therefore, 1.1 has at most one T -periodic solution. The proof of Lemma 2.5 is now complete.
Similar to the proof of Lemma 2.5, one can prove the following result.
Lemma 2.6. Let k be an odd number, n 2k, and
Assume that one of the following conditions is satisfied: 
2.27
where t, x 1 , x 2 ∈ R, x 1 / x 2 , then 1.1 has at most one T -periodic solution.
Lemma 2.7. Let k be an even number, n 2k 1, and
2.28
H 4 there exists a nonnegative constant B such that
2.30
Proof. Multiplying 2.15 by Z t and then integrating it from 0 to T , yields that
2.31
Now the proof proceeds in the same way as in Lemma 2.5.
Similar to the proof of Lemma 2.7, we can prove the following results. 
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2.34
where t, x 1 , x 2 ∈ R, x 1 / x 2 , then 1.1 has at most one T -periodic solution. which together with H 1 * or H 2 * implies that
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Hence, from 2.9 , we have that
3.8
In view of 2.10 , 3.8 implies that
3.9
It follows that
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On the other hand, multiplying 3.4 by u and integrating from 0 to T , it follows that
Now suppose that H 1 * or H 2 * holds, and we will consider two cases as follows.
Case 1.
If H 1 * holds, using 2.10 , 3.10 , and 3.11 , we have
, where Λ / ∅,
, where Λ ∅,
3.12
Abstract and Applied Analysis 11 which imply that there exists a positive constant C 1 satisfying
Case 2. If H 2 * holds, using 2.9 , 2.10 , 3.10 , and 3.11 , we obtain
, where Λ ∅, 3.14 which together with H 2 yield that 3.13 holds. Using 3.9 and 3.13 , it follows that there exists C 2 such that
Now, we shall estimate x j j 1, 2, . . . , 2k − 1 , multiplying 3.4 by x 2k and integrating from 0 to T , we have
Using 2.10 , 3.15 , and 3.16 , we have
3.17
Abstract and Applied Analysis 13 which imply that there exists a positive constant C 3 satisfying
This implies the existence of a constant ρ > d 0 such that 3.5 holds. Now, to show that ii in Lemma 2.1 is satisfied, it suffices to remark that which together with 2.11 and 3.25 implies the existence of a constant ρ > d 0 such that 3.5 holds. Now the proof proceeds in the same way as in Theorem 3.1.
Similar to the proof of Theorem 3.3, from Lemma 2.8, we obtain the following.
